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ArI all-optical microwave mixer with 8 cIB R1~ gain is dclnonstratcd  by using a semiconductor

optical aJi qdificr (SOA). 6 CH IZ RIJ signal on a 1312 nm optical carrier is up-conve~lecl  and down-

convcrkd to 1 (i]{z and 11 G] lZ by a 5 GHz, local oscillation (1 ● ) signal on a 1320 nm op[ical

carrier. SUC}I a mixer could readily cxtcncl  to millimctct wave ra~lgc.
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l~ibcr  optic transmission of microwave signals has a[tractcd  significant attention for photonic

R] i conununication  systems such as satellite col~~~~l~ll~icatior~s  [ 1 ] and subcarricr  multiplexed (SCM)

systems [2.]. Recently a novel fiber-optic link atchitc,cturc has been proposed [3], where the baseband

data is up converted by an cxtcrna]  modulator (EO), transmit{cd through a fiber link, and mixed down

to IF by another external modulator at the rccciving  md. Such a schcmc offers the advantage of the

infinite W ~ isolation and also avoiding the need of high speed photodetectors and microwave mixers.

I ]owcvcr,  it also has several problems, specifically at the rccciving  end. I:irst, an external modulator

is intrinsically polarization sensitive, and the optical links al]eady  laid out arc not polarization

Inaintaincd, Secondly, the external modulator has additional loss of -5 dIl, potcntial]y requiring

optical amplification, ]n this paper, wc propose a I1OVC1 microwave mixer for photonic  microwave

sysicms  bascci  on cross gain saturation in a semiconductor optical amplifier (SOA). in the

cxpc] i]ncl)tal  dcmmstration  an optical signal at 1312 nm carrying a 6 CiI Iz RF signal is down and up

convcr[cd  to 1 G] lZ and 11 GI Iz, by another optic~l  signal at 1320 nm carrying a 5 G] Iz, local

oscillator (1 .0), A 10SSICSS up/clown conversion opcl a{ion is also achicvcd.  Such a mixer offers the

adva]llag~ of po]arizaticln ind(!pendcnm  and optics] amplification.

‘J’}lc  mixing mechanism is illustrated in I;ig, 1a. When a strong optical signal carrying ID

modulation is coupled into an SOA, the gain of the SOA, G(t), is modulated at fundamental and

harlnonics  of 1,0 frequency. If a relatively weak Pi,,(t) signal is introduced concurrently into SOA, (1IC

output of the RI?, POu((t),  equals to the product of G(t) and PiO(t), which will contain the mixing

products at frequencies of I RIJ-I,0 I and (RI;+ 1,0). A similar scheme has previously been

invest igatcd for all-optical wavelength shifting for digital communication [4]. Rcccnt  work has

dcmonstratccl  30 G] IZ bandwidth for single SOA and 50 G] lZ two cascaded SOAs [5], implying such

an al 1- opt ical mixing process could WCII cx(cnd to millimeter wave regime (>30 G] Iz). ‘J ‘hc potent ial

advantages of using an optical 1.0 and a SOA for microwave mixing arc two folds: (1) all--optical gain

saturation is lnuch faster than electrical modulation of the bias current of the SOA, and (2) optical 1.0s

with frequency up to millimeter wave have already been cicmonstratcd by hctcrodyning  two ]ascrs.
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];lfjUIC ] b ShOWS h CXpC~jIllCIlh]  Sdllp.  An OptiC  a] Signal at ] ~ ] 211111 k lllOdU]dd by an

cxtc.mal  modulator at 6 G] IZ to simulate the incoming RI; signal, ‘1’o demonstration the concept, the

optical 1,0 at 1320 nm is modulated by another cxtcmal  modulator at 5 GHz. These two signals are

ccxqdcd into a SOA. ‘Ilm optical power measured at the input of the SOA is 3 dllm and -6 dBm for

1320 nm and 1312 nm respectively. ‘1’hc SOA is biased at 300 mA and the small signal bandwidth of

the SOA is measured at 9 Gllz by using an 111> network analyz,cr.  The RF signal is filtered and

dctcctcd  by a detector with flat response up to 15 G] 1 z. The output optical spectrum also is shown as

an insert in I Jig. 1 b. The output optical power of the 1312 nm signal is 7.8 d~m,  indicating about 11

d]] optical gain or 22 d]] RI~ gain including SOA coupling and filtering loss.

ljigurc 2a and 2b show the dctectcd input RF and LO spectra measured by a 111’ RF spectrum

analyzer. The input l<l; power is mcasurccl to bc -40.0 dBm. ‘1’hc optical modulation index (OMI)

for 1,() and RIJ arc 50% and 25% rcspcctivcly.  IJigurc. 2C and 2d show the RF spectra of the mixing

products at 1 Gllz and 11 GIIz. The resulting products arc around -40.00 dBm for both signals. All

the 1<1; spectra arc measured direct] y from the photodckctor  with no RF amp] ificat  ion.

l;igurc 3a shows optical modulation index (Oh41) of the convcrtcd  RF signal as a function of

the OMl c)f the input 1,0. When the OMl of the 1.0 is below 25 %$ the OMI of the cxmvcrtcd l<l;

sigt]al inc]cascs lincar]y with a slope of 1. 1 Iowcvcr, in the. large modulation range, the OMI of the

convcrlcd  signal increases more quickly witl~  a s]opc of -1.5. “l’his might bc due to efficiency

cnllallccmcnt  of the cx[crnal mochdator in the over-drive regime and also the nonlinearity of the gain as

a funu(ion of the OM1 of input RIJ power for tl~c large modulation regime. The other interesting fact is

that the up converted RF signal tends to saturate above 70 % OMI of the 1.0. IJig. 3b shows the

dctcztc,d  RF power as a function of dctcztcd input R]; power (@ 6 G] 17,). ‘l’he dctcctcd RF signal

illCIC.iN.X  lincatly with the input }{l;  power with a slope of 1. in the regime of the low OMI of the

input 1.0 (<30%),  the 1 ~Jl IY, and the 11 GI IZ RIJ arc almost equal, }lowcvcr in the high OMI regime

(90 %), 1 GIIz RF signal is about 6 dB bigger than 116117. RF. Most significantly, the 1 Gllz

signal exhibits about 8 dll RI ~ gain compared to the case where the 6 G] 17, RF is direct] y detected

without up/down conversion. Therefore a single dcvicc as a mixer with gain is demonstrated.

More. detailed propcriies  such as noise figure and intcrmodulation  will be also presented,
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h’igurc Captions

1, (a) Clmccptual diagram of an all-optical microwave mixer, (b) lixpcrimcntal  setup of the mixer

2.. Measured RF spcctmm  for (a) input l<l; signal @ 6 GIIz, (b) input 1.() signal @ 5 (3117,, (c)

down-convmtcd signal @ I G] IY,, and (d) upconvcrted  signal @> 11 Gllz.  Both RBW and VBW arc

100 Kllz.

3. Performance of the a]l-optical  mixer (a) the output optical modulation index (OMl) as a function of

t}Ic t3Ml of the input 1.0, (b) the dctcctcd up/down ccmvcllcd signal RF power as a function of the

ilqwt 1-?1/ ~lowcr which is detected without conversion.
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